A feeder-free, defined three-dimensional polyethylene glycol-based extracellular matrix niche for culture of human embryonic stem cells.
We report optimization of a serum- and feeder-free, three-dimensional (3D) niche created with a synthetic polyethylene glycol (PEG)-based extracellular matrix for self-renewal of human embryonic stem cells (hESCs). Three hESC lines (H9, H1 and Novo) were cultured in hydrogels of different mechanical properties, and cellular morphology and activity were compared to culture in feeder-free or feeder-containing two-dimensional (2D) niches. Significant effects of PEG concentration (5, 7.5, 10, 12.5 or 15%) and vinyl sulfone-functionalized PEG multiarm number (3, 4 or 8) on hESC morphology were detected in the H9 line. Cell growth was maximal with an 8 multiarm architecture of any PEG concentration, which yielded the highest expression of stemness-related genes. Alkaline phosphatase activity in cultured H9 cells was similar between the optimized feeder-free 3D and the feeder-containing 2D systems. However, increased expression of the KLF4, CDH1, TERT, SOX2, and UTF1 genes and expression of pluripotency-specific SSEA-4, Oct3/4, Nanog, Tra-1-60 and Tra-1-81 were detected in the 3D-cultured hESC clumps. H1 and Novo cell lines also expanded in the optimized 3D system, which maintain stemness properties. Although different proliferation activities were detected among three lines, the difference was decreased after the 3D culture. These results demonstrate that chemically defined, acellular niches created using PEG-based hydrogels have the potential to support hESC self-renewal. Modulation of 3D properties can create various models for cell transformation and differentiation.